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Field of the Invention 

[001] The invention relates to a starter motor assembly for starting an engine 
and, more particularly, to an engagement and disengagement mechanism for a coaxial 
starter motor assembly. This application is being filed concurrently with U.S. Patent 

Application Serial No. , entitled Coaxial Starter Motor Assembly Having a 

Return Spring Spaced From the Pinion Shaft, with inventors David A. Fulton and James 
D. Stuber, and assigned to Delco Remy America, Inc. 

Background of the Invention 

[002] Starter motor assemblies to assist in starting engines, such as engines in 
vehicles, are well known. The conventional starter motor assembly broadly includes an 
electrical motor and a drive mechanism, which generally includes a mechanism for 
engaging and disengaging a pinion-type gear with an engine flywheel. The electrical 
motor is energized by a battery upon the closing of an ignition switch. The drive 
mechanism transmits the torque of the electrical motor through various components to 
the engine flywheel, thereby cranking the engine until the engine starts. 

[003] In greater detail, the closing of the ignition switch (typically by turning a 
key) energizes a solenoid with low current. Energization of the solenoid moves a metal 
solenoid shaft or plunger in an axial direction. The movement of the solenoid plunger 
closes electrical contacts, thereby applying full power to the electrical motor. The 
movement of the solenoid plunger also biases the pinion-type gear into engagement 
with a ring gear of the engine flywheel. Once the vehicle engine is started, the operator 
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of the vehicle will open the ignition switch. The solenoid is thus turned off (i.e., 
deenergized), but the electrical contacts are still closed. To prevent run-on of the 
electrical motor, and subsequent damage, the engagement and disengagement 
mechanism must be designed to break the electrical contacts and disengage the pinion- 
type gear from the engine flywheel. 

[004] Starter motors assemblies can be either "biaxial" or "coaxial." These 
terms relate to the location of the solenoid and the solenoid plunger with respect to the 
armature shaft of the electrical motor. In a biaxial starter motor, the solenoid and the 
solenoid plunger are attached to the motor casing, with the solenoid plunger spaced 
away from and generally parallel to the armature shaft. In a coaxial starter motor, the 
solenoid is typically placed in the motor casing so that the solenoid plunger is aligned in 
the same axis with the armature shaft. The coaxial assembly is considered to be more 
compact and universally adaptable than the biaxial assembly. The present invention is 
directed to a coaxial assembly. 

[005] Once the electrical contacts are closed and full power is applied from the 
battery to the electrical motor, the motor's armature shaft subsequently rotates at a high 
speed. A planetary gear assembly, coupled to the armature shaft, reduces the speed of 
rotation of the armature shaft. The planetary gear assembly includes a drive shaft that 
rotates at that reduced speed. The end of the drive shaft opposite the planetary gear 
assembly is coupled with a pinion, preferably by a pinion shaft. Thus, the pinion rotates 
due to the rotation of the planetary gear drive shaft, which in turn rotates (again, at a 
reduced speed) due to the rotation of the electrical motor armature shaft. 
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[006] Starter motor assemblies typically include a one-way clutch that is utilized 
to allow the planetary gear drive shaft to rotate at higher speeds and/or in the opposite 
direction from the cranking of the engine and to ensure that these higher rotational 
speeds or opposite directional velocities are not transmitted to the electrical motor 
armature shaft. In coaxial starter motor assemblies, the clutch is sometimes built 
around a ring gear positioned between the planetary gear drive shaft and the electrical 
motor armature shaft. 

[007] As stated above, energization of the solenoid also moves the solenoid 
plunger in the axial direction to move the pinion into engagement with the engine 
flywheel. In coaxial starter motor assemblies, typically the plunger is coupled to the 
pinion such that the movement of the plunger in turn moves the pinion in that same axial 
direction. 

[008] The pinion includes a plurality of gear teeth on its external surface for 
engagement with the engine flywheel. Thus, when the pinion is biased toward 
engagement of the flywheel and is rotating, the engagement of the pinion with the ring 
gear of the flywheel in turn causes the flywheel to rotate, thereby cranking the vehicle 
engine. 

[009] For the energization of the solenoid assembly to move the solenoid 
plunger and hold the plunger for pinion-flywheel engagement, solenoid assemblies 
typically utilize two coils, a pull-in coil and a hold-in coil. In particular, both coils 
energize the plunger of the solenoid assembly to bias the plunger in the axial direction 
for engagement with the engine flywheel. The hold-in coil then holds the plunger in 
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place to hold the pinion in the engagement position with the ring gear of the engine 
flywheel. 

[01 0] After the operator of the vehicle opens the ignition switch, which 
deenergizes the solenoid assembly, the magnetic field that caused the solenoid plunger 
to move decreases and at some point is overcome by a return spring. In particular, the 
return spring continually pushes against the pinion away from engagement with the 
engine flywheel. However, it is only at those times when the force of the return spring is 
greater than the magnetic field generated by the solenoid biasing the plunger toward the 
flywheel, and an axial thrust force when the engine fails to start (discussed below), that 
the pinion is moved away from engagement from the flywheel. 

[01 1] The axial thrust force is generated by the torque of the electrical motor. In 
most coaxial starter motor assemblies, the pinion shaft is a bore with helical internal 
splines that correspond with helical external splines on the planetary gear drive shaft for 
engagement of the pinion shaft and the planetary gear drive shaft. The direction of the 
helical splines are typically opposite the direction of rotation of the pinion and the pinion 
shaft in order to facilitate the engagement and disengagement of the pinion and the ring 
gear of the engine flywheel. When torque is transmitted through the helical splines, an 
equal and opposite axial thrust force is generated on the splines. Neglecting friction 
between the splines of the pinion shaft and the planetary gear drive shaft, the axial 
thrust force may be determined by the following equation: 

[012] F a = 2 7i (T/L), where: 

F a = the axial thrust force (Newtons) 

T = applied torque (Newton-millimeters), and 
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L = lead of helical spline (millimeter/revolution). 

[01 3] The axial thrust force pulls the pinion into engagement with the ring gear 
when a cranking torque is applied and tends to push the pinion out of mesh from the 
ring gear when the engine starts due to overrunning torque. A typical cranking torque is 
about 15,000 N-m and a typical spline lead is about 130 mm. Using these values, a 
typical axial thrust force is about 725 N that is pulling the pinion into the ring gear. 

[014] If the engine fails to start, to prevent run-on of the electrical motor, which 
will be drawing a heavy electrical current, typically over 300 amps, the electrical 
contacts should be allowed to open when the ignition switch is opened. In many coaxial 
starter motor assemblies, the solenoid plunger is rigidly attached to the pinion shaft. 
However, if the plunger can not move independently of the pinion shaft, then the return 
spring would have to exert a force of greater than 725 N in the direction away from 
engagement of the pinion and the ring gear to overcome the axial thrust force that is 
pulling the pinion into engagement with the ring gear. To achieve such a high spring 
force, the spring would have to be large, which would result in the need for a larger 
solenoid. Both a larger spring and a larger solenoid would result in a more expensive 
starter motor assembly. 

[015] In order to open the electrical contacts to prevent run-on of the electrical 
motor in the situation where the engine fails to start, the solenoid plunger should be 
capable of moving independently of the pinion shaft in order to break the electrical 
contacts before the pinion gear is disengaged from the engine flywheel. 
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Summary of the Invention 

[01 6] The present invention is directed to a coaxial starter motor assembly that 
includes a housing. An electrical motor is provided in the housing that has a rotatable 
armature shaft. A rotatable drive shaft is provided that is engageably linked with the 
armature shaft. A pinion assembly is provided in the housing that is engageable at one 
end with the drive shaft and includes a pinion at the other end engageable with a 
flywheel of an engine. A solenoid assembly is provided in the housing for selectively 
energizing the electrical motor. The solenoid assembly is coaxial with the drive shaft. 
The solenoid assembly includes a plunger having a bore. The plunger is engageable 
with the pinion assembly to move the pinion assembly including the pinion into 
engagement with the flywheel. The plunger is also engageable with a moveable contact 
to move the moveable contact to electrically connect with a pair of fixed contacts. A 
return spring is provided that is positioned at least in part within the bore of the plunger 
of the solenoid assembly for moving the pinion assembly including the pinion away from 
engagement with the flywheel. The return spring is spaced from the pinion assembly. 
Energization of the solenoid assembly moves the plunger to move the pinion assembly 
to engage the pinion with the flywheel. Upon deenergization of the solenoid assembly, 
the return spring moves the pinion assembly to move the pinion from engagement with 
the flywheel. In addition, upon deenergization of the solenoid assembly, the plunger is 
capable of moving independently of the pinion assembly to thereby break the electrical 
connection between the moveable contact and the fixed contacts before the return 
spring moves the pinion assembly to move the pinion away from engagement with the 
flywheel. 
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[01 7] The plunger is capable of moving independently of the pinion assembly to 

thereby break the electrical connection between the moveable contact and the fixed 
contacts while the pinion is in engagement with the flywheel. This prevents run-on of 
the electrical motor if the engine fails to start upon engagement of the pinion and the 
flywheel. 

[01 8] The present invention is also directed to a coaxial starter motor assembly 
that includes a housing. An electrical motor is provided in the housing that has a 
rotatable armature shaft. A rotatable drive shaft is provided that is engageably linked to 
the armature shaft. A pinion assembly is provided in the housing. The pinion assembly j 
includes a pinion shaft that is engageable at one end with the drive shaft and includes a j 
pinion at the other end engageable with a flywheel of an engine. The pinion shaft 
includes a groove formed around an external surface of the pinion shaft. A solenoid 
assembly is provided in the housing for selectively energizing the electrical motor. The 
solenoid assembly is coaxial with the drive shaft. The solenoid assembly includes a 
plunger having a bore. The plunger is engageable with the pinion shaft to move the 
pinion into engagement with the flywheel. The plunger is also engageable with a 
moveable contact to move the moveable contact to electrically connect with a pair of 
fixed contacts. A return spring is provided that is positioned around the pinion shaft 
without contacting the pinion shaft. The return spring is positioned at least in part within 
the bore of the plunger of the solenoid assembly. A contact member is provided that is 
positioned within the groove formed around the external surface of the pinion shaft. The 
contact member also is positioned within the bore of the plunger of the solenoid 
assembly. Energization of the solenoid assembly moves the plunger which in turn 
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moves the contact member which in turn moves the pinion shaft to thereby engage the 
pinion with the flywheel. Upon deenergization of the solenoid assembly, the return 
spring moves the contact member which in turn moves the pinion shaft to move the 
pinion from engagement with the flywheel. Upon deenergization of the solenoid 
assembly, the plunger is capable of moving independently of the pinion shaft to thereby 
break the electrical connection between the moveable contact and the fixed contacts 
before the return spring moves the contact member to move the pinion shaft to move 
the pinion away from engagement with the flywheel. 

[019] In one embodiment, the coaxial starter motor assembly includes a plunger 
stop assembly provided around the pinion assembly. The plunger seats against the 
plunger stop assembly when the plunger has moved from a rest position to its farthest 
axial position toward engagement of the pinion and the flywheel. 

[020] In one embodiment, D, a maximum distance that the pinion shaft may 
travel from a rest position when moving in an axial direction toward engagement of the 
pinion and the flywheel, is determined; G, a distance that the plunger may still move in 
the axial direction toward engagement of the pinion and the flywheel after the moveable 
contact electrically connects with the pair of fixed contacts, is determined; H, a minimum 
distance between an internal spline stop of the pinion shaft and an external spline axial 
stop on the drive shaft, is determined, wherein the distance H is equal to a distance that 
the pinion shaft may still travel after the plunger seats against the plunger stop 
assembly; and K, a minimum distance to open the moveable contact from the fixed 
contacts to thereby break the electrical connection between the moveable contact and 
the fixed contacts when the pinion shaft is positioned in its farthest axial position toward 
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engagement of the pinion and the flywheel, is determined. Then, the following three 
equations are solved to determine distances A, B, and C, wherein A is a maximum 
distance that the plunger may move independent of the pinion shaft relative to the 
pinion shaft, B is a maximum distance between the moveable contact and the fixed 
contacts, and C is the maximum distance that the plunger may travel from a rest 
position when moving in the axial direction toward engagement of the pinion and the 
flywheel: 

(1) B = K + D, 

(2) C = G + B, and 

(3) A = H - D + C. 

[021] The distance G is also the minimum distance that a contact overtravel 
spring may be compressed. 

[022] The present invention is also directed to a method of operating a coaxial 
starter motor assembly. The coaxial starter motor assembly includes a housing; an 
electrical motor provided in the housing having a rotatable armature shaft; a rotatable 
drive shaft engageably linked with the armature shaft; a pinion assembly provided in the 
housing engageable at one end with the drive shaft and includes a pinion at the other 
end engageable with a flywheel of an engine; a solenoid assembly provided in the 
housing for selectively energizing the electrical motor, wherein the solenoid assembly is 

i 

i 

coaxial with the drive shaft, the solenoid assembly includes a plunger having a bore, the ! 

i 

plunger is engageable with the pinion assembly to move the pinion assembly includes 
the pinion into engagement with the flywheel, and the plunger is engageable with a 
moveable contact to move the moveable contact to electrically connect with a pair of 
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fixed contacts; a return spring positioned at least in part within the bore of the plunger of 
the solenoid assembly for moving the pinion assembly includes the pinion away from 
engagement with the flywheel, wherein the return spring is spaced from the pinion 
assembly; wherein energization of the solenoid assembly moves the plunger to move 
the pinion assembly to engage the pinion with the flywheel; and wherein upon 
deenergization of the solenoid assembly, the return spring moves the pinion assembly 
to move the pinion from engagement with the flywheel. The method comprises the step 
of moving the plunger independently of the pinion assembly upon deenergization of the 
solenoid assembly to thereby break the electrical connection between the moveable 
contact and the fixed contacts before the return spring moves the pinion assembly to 
move the pinion away from engagement with the flywheel if the engine fails to start 
upon engagement of the pinion and the flywheel. 

[023] The present invention is also directed to a method of operating a coaxial 
starter motor assembly. The coaxial starter motor assembly includes a housing; an 
electrical motor provided in the housing having a rotatable armature shaft; a rotatable 
drive shaft engageably linked to the armature shaft; a pinion assembly provided in the 
housing, the pinion assembly includes a pinion shaft, the pinion shaft engageable at one 
end with the drive shaft and includes a pinion at the other end engageable with a 
flywheel of an engine, and the pinion shaft includes a groove formed around an external 
surface of the pinion shaft; a solenoid assembly provided in the housing for selectively 
energizing the electrical motor, wherein the solenoid assembly is coaxial with the drive 
shaft, the solenoid assembly includes a plunger having a bore, the plunger is 
engageable with the pinion shaft to move the pinion into engagement with the flywheel 
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and the plunger is engageable with a moveable contact to move the moveable contact 
to electrically connect with a pair of fixed contacts; a return spring positioned around the 
pinion shaft without contacting the pinion shaft, the return spring is positioned at least in 
part within the bore of the plunger of the solenoid assembly; and a contact member 
positioned within the groove formed around the external surface of the pinion shaft, the 
contact member also is positioned within the bore of the plunger of the solenoid 
assembly; wherein energization of the solenoid assembly moves the plunger which in 
turn moves the contact member which in turn moves the pinion shaft to thereby engage 
the pinion with the flywheel; and wherein upon deenergization of the solenoid assembly, 
the return spring moves the contact member which in turn moves the pinion shaft to 
move the pinion from engagement with the flywheel. The method comprises the step of 
moving the plunger independently of the pinion shaft upon deenergization of the 
solenoid assembly to thereby break the electrical connection between the moveable 
contact and the fixed contacts before the return spring moves the contact member to 
move the pinion shaft to move the pinion away from engagement with the flywheel if the 
engine fails to start upon engagement of the pinion and the flywheel. 

[024] The present invention is also directed to a method of designing a coaxial 
starter motor assembly. The coaxial starter motor assembly includes a housing; an 
electrical motor provided in the housing having a rotatable armature shaft; a rotatable 
drive shaft engageably linked to the armature shaft; a pinion assembly provided in the 
housing, the pinion assembly includes a pinion shaft, the pinion shaft engageable at one 
end with the drive shaft and includes a pinion at the other end engageable with a 
flywheel of an engine, and the pinion shaft includes a groove formed around an external 
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surface of the pinion shaft; a solenoid assembly provided in the housing for selectively 
energizing the electrical motor, wherein the solenoid assembly is coaxial with the drive 
shaft, the solenoid assembly includes a plunger having a bore, the plunger is 
engageable with the pinion shaft to move the pinion into engagement with the flywheel 
and the plunger is engageable with a moveable contact to move the moveable contact 
to electrically connect with a pair of fixed contacts; a return spring positioned around the 
pinion shaft without contacting the pinion shaft, the return spring is positioned at least in 
part within the bore of the plunger of the solenoid assembly; a contact member 
positioned within the groove formed around the external surface of the pinion shaft, the 
contact member also is positioned within the bore of the plunger of the solenoid 
assembly; and a plunger stop assembly provided around the pinion assembly, wherein 
the plunger seats against the plunger stop assembly when the plunger has moved from 
a rest position to its farthest axial position toward engagement of the pinion and the 
flywheel; wherein energization of the solenoid assembly moves the plunger which in 
turn moves the contact member which in turn moves the pinion shaft to thereby engage 
the pinion with the flywheel; wherein upon deenergization of the solenoid assembly, the 
return spring moves the contact member which in turn moves the pinion shaft to move 
the pinion from engagement with the flywheel; and wherein upon deenergization of the 
solenoid assembly, the plunger is capable of moving independently of the pinion shaft to 
thereby break the electrical connection between the moveable contact and the fixed 
contacts before the return spring moves the contact member to move the pinion shaft to 
move the pinion away from engagement with the flywheel. 
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[025] The method of designing a starter motor assembly includes the step of 
determining D, a maximum distance that the pinion shaft may travel from a rest position 
when moving in an axial direction toward engagement of the pinion and the flywheel. 
The method further includes the step of determining G, a distance that the plunger may 
still move in the axial direction toward engagement of the pinion and the flywheel after 
the moveable contact electrically connects with the pair of fixed contacts. The method 
further includes the step of determining H, a minimum distance between an internal 
spline stop of the pinion shaft and an external spline axial stop on the drive shaft, 
wherein the distance H is equal to a distance that the pinion shaft may still travel after 
the plunger seats against the plunger stop assembly. The method further includes the 
step of determining K, a minimum distance to open the moveable contact from the fixed 
contacts to thereby break the electrical connection between the moveable contact and 
the fixed contacts when the pinion shaft is positioned in its farthest axial position toward 
engagement of the pinion and the flywheel. Then, the method includes the step of 
solving the following three equations to determine distances A, B, and C, wherein A is a 
maximum distance that the plunger may move independent of the pinion shaft relative 
to the pinion shaft, B is a maximum distance between the moveable contact and the 
fixed contacts, and C is the maximum distance that the plunger may travel from a rest 
position when moving in the axial direction toward engagement of the pinion and the 
flywheel: 

(1) B = K + D, 

(2) C = G + B, and 

(3) A = H - D + C. 
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[026] The advantages of the invention will be set forth in the description below, 
and in part will be apparent from the description, or may be learned by practice of the 
invention. The advantages of the invention may be realized and obtained by the 
combinations set forth in the attached claims. 

[027] Additional objects and advantages of the invention will be set forth in part 
in the description which follows, and in part will be obvious from the description, or may 
be learned by practice of the invention. The objects and advantages of the invention 
will be realized and attained by means of the elements and combinations particularly 
pointed out in the appended claims. 

[028] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory only and are not restrictive 
of the invention, as claimed. 

[029] The accompanying drawings, which are incorporated in and constitute a 
part of this specification, illustrate several embodiments of the invention and together 
with the description, serve to explain the principles of the invention. 
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Brief Description of the Drawings 

[030] Fig. 1 is an exploded perspective part view of one embodiment of a starter 
motor assembly according to the present invention; 

[031] Fig. 2 is a partially exploded perspective part view of the starter motor 
assembly depicted in Fig. 1 ; 

[032] Fig. 3 is an exploded perspective part view of one embodiment of the 
unassembled pinion assembly, contact member, and solenoid plunger of the 
embodiment depicted in Fig. 1; 
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[033] Fig. 4 is an exploded perspective part view of one embodiment of the 
unassembled plunger stop assembly, return spring, pinion assembly, contact member, 
and solenoid plunger of the embodiment depicted in Fig 1; 

[034] Fig. 5 is a side cross-sectional view of the starter motor assembly depicted 
in Fig. 1 at rest, i.e., at a time just before the solenoid is energized; 

[035] Fig. 6 is a side cross-sectional view of the starter motor assembly depicted 
in Fig. 1 , at a time just after the solenoid is energized, when the contact member picks 
up the pinion shaft to move it in an axial direction toward pinion-flywheel engagement; 

[036] Fig. 7 is a side cross-sectional view of the starter motor assembly depicted 
in Fig. 1 , at a time when the pinion abuts the ring gear of the engine; 

[037] Fig. 8 is a side cross-sectional view of the starter motor assembly depicted 
in Fig. 1 , at a time when the electrical contacts of the motor close; 

[038] Fig. 9 is a side cross-sectional view of the starter motor assembly depicted 
in Fig. 1 , at a time when the solenoid plunger is moved to its farthest axial direction 
toward pinion-flywheel engagement; 

[039] Fig. 1 0 is a side cross-sectional view of the starter motor assembly 
depicted in Fig. 1 , at a time when the pinion shaft is moved to its farthest axial direction 
toward pinion-flywheel engagement relative to the planetary gear drive shaft; 

[040] Fig. 1 1 is a side cross-sectional view of the starter motor assembly 
depicted in Fig. 1 , at a time just after the solenoid is deenergized and the plunger is 
beginning to move in the axial direction away from pinion-flywheel engagement; 
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[041] Fig. 12 is a side cross-sectional view of the starter motor assembly 

depicted in Fig. 1 , at a time when the contact member picks up the pinion shaft to move 

it in an axial direction away from pinion-flywheel engagement; 

[042] Fig. 1 3 is a top view of one embodiment of a clutch assembly provided 

within the starter motor assembly of the present invention; and 

[043] Fig. 14 is an electrical circuit diagram of one embodiment of a starter 

motor assembly according to the present invention. 
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Description of the Embodiments 

[044] Reference will now be made in detail to the present embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers will be used throughout the drawings to refer to 
the same or like parts. 

Description of the Components of the Present Invention 

[045] Concerning the various components included in the coaxial starter motor 
assembly of the present invention, the coaxial starter motor assembly described herein 

is based on U.S. Patent Application Serial No. , entitled Coaxial Starter Motor 

Assembly Having a Return Spring Spaced From the Pinon Shaft, referred to above. 

[046] In accordance with the invention, a starter motor assembly is provided, 
designated generally by reference numeral 20. As broadly embodied in Figs. 1 , 2, and 
5-12, the starter motor assembly 20 includes a housing 22, preferably divided between 
a motor housing 24 and a pinion housing 26. Motor housing 24 and pinion housing 26 
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preferably are generally cylindrical and relatively compact in order to reduce the space 
required to accommodate the starter motor assembly. 

[047] An electrical motor is provided in the housing and has a rotatable 
armature shaft. As depicted in Figs. 1,2, and 5-12, an electrical motor 30, preferably a 
direct current motor, is provided in motor housing 24, with a rotating armature shaft 32 
having a distal end 33 projecting out of motor housing 24. Armature shaft 32 defines an 
axis A r A 2 for the entire assembly 20 as shown in Figs. 1 and 2. As also shown in Fig. 

1 , armature shaft 32 preferably includes a plurality of gear teeth 35 defining a sun gear 
34 provided around a circumference thereof proximate the distal end 33 of shaft 32. It 
will be understood by persons skilled in the art that armature shaft 32 will rotate upon 
application of electrical current to the electrical motor 30. It will be further understood 
that armature shaft 32 can rotate in either a clockwise or counterclockwise direction, 
depending on the specific construction of the motor. 

[048] In one embodiment, a planetary gear assembly is provided in the housing. 
The planetary assembly includes a rotatable drive shaft and a plurality of planetary 
gears engaged with the armature shaft, each planetary gear rotatable on a respective 
pin, the pins being linked to the rotatable drive shaft. As shown in Figs. 1 and 2, a 
planetary gear assembly 40 is provided within pinion housing 26. As shown in Figs. 1 , 

2, and 1 3, a rotatable circular plate defines a planet carrier 42 and includes a plurality of 
pins 44 projecting from one side thereof. Each pin 44 (four are shown in the Figs., but 
this number is not required) supports and provides an axis of rotation for a rotatable 
planetary gear 45. Each planetary gear 45 includes a set of gear teeth 46 on an outer 
circumference thereof. As shown in Fig. 13, pins 44 and planetary gears 45 are 
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disposed in a pattern so as to define an inner circle I.C. and an outer circle O.C. 
coaxially disposed around axis A r A 2 . Armature shaft 32 projects into the center of the 
inner circle I.C, and gear teeth 35 of sun gear 34 on armature shaft 32 engage 
planetary gear teeth 46 in the inner circle I.C. As shown in Figs. 1 and 5-12, the 
planetary gear assembly 40 further includes a drive shaft 47 that projects from the side 
of rotatable circular plate or planet carrier 42 opposite to planetary gears 45 and that is 
rotatable with the circular plate 42. Drive shaft 47 includes a distal end 48, with a 
plurality of external splines 49 provided around a circumference of drive shaft 47 
proximate its distal end 48. Drive shaft 47 is coaxial with axis Ai-A 2 . 

[049] A pinion assembly is provided in the housing that is engageable at one 
end thereof with the drive shaft of the planetary gear assembly and includes a pinion at 
the other end that is engageable with the flywheel of an engine. As shown in Figs. 1-12, 
a pinion assembly 50 preferably includes a pinion shaft 52, having a bore with internal 
splines 54 (see Fig. 4) at one end for engagement with external splines 49 on drive 
shaft 47. Distal to that same end, pinion shaft 52 includes a groove 57. As shown most 
clearly in Fig. 3, groove 57 is defined by two annular outward extending protrusions 57a, 
57b. At the other end, as shown in Figs. 1 and 2, pinion shaft 52 preferably has 
external splines 56, which engage with a pinion 58. Pinion 58 projects out of pinion 
housing 26 and preferably has external gear teeth 59 for engagement with a ring gear 
1 0 of the flywheel of an engine (not shown) when the starter motor assembly is 
energized. 

[050] In the present invention, as shown in Figs. 1 , 2, and 4-12, a pinion spring 
53 surrounds pinion shaft 52, without directly contacting pinion shaft 52. As discussed 
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in more detail below, pinion spring 53 operates to move pinion shaft 52 (and thus pinion 
58) away from the flywheel without directly contacting pinion shaft 52 and/or rotating 
with pinion shaft 52. Although the preferred embodiment shown and described includes 
pinion shaft 52, the invention is not limited to including this structure. It is conceivable, 
for example, that pinion 58 can be engaged directly with drive shaft 47, assuming that 
pins 44 and/or drive shaft 47 of the planetary gear assembly are made long enough. 

[051] In one embodiment, a clutch assembly, such as an overrunning clutch 
assembly described in U.S. Patent No. 6,109,122, issued to Bori et aL ("the Bori et al. 
patent") and assigned to Delco Remy International, which is incorporated herein by 
reference, is provided coaxially around the planetary gears to allow the planetary gear 
shaft to rotate at higher speeds and/or in the opposite direction (from the cranking of the 
engine) and to ensure that these higher rotational speeds or opposite directional 
velocities are not transmitted to the engine motor armature shaft. The clutch assembly 
may include a non-rotatable annular outer clutch piece removably fixed to an inner 
circumference of the housing, a rotatable annular inner clutch piece having an outer 
circumference provided proximate an inner circumference of the outer clutch piece and 
an inner circumference engaged with the planetary gears, and rotation control means 
provided between the outer clutch piece and the inner clutch piece for preventing 
rotation of the inner clutch piece in a first direction and allowing rotation of the inner 
clutch piece in a second direction. 

[052] As shown in Figs. 1, 2, and 13, clutch assembly 60 includes an annular 
outer clutch piece 62, preferably a drive ring, and an annular inner clutch piece 80, 
preferably a ring gear. Both outer clutch piece 62 and inner clutch piece 80 are coaxial 
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with axis A-|-A 2 . Outer clutch piece 62 is part of an integrated clutch shell 63, which also 
includes an outer annular portion 65. As shown in Fig. 13, integrated clutch shell 63 is 
fixed to the pinion housing 26 around an outer circumference of outer annular portion 65 
of integrated clutch shell 63. As shown in Fig. 1 , integrated clutch shell 63 defines an 
opening 67 through which planetary gear drive shaft 47 is inserted when assembling the 
present invention. Unlike the invention disclosed in the Bori et al. patent, because 
integrated clutch shell 63 integrally includes outer clutch piece 62 and because 
integrated clutch shell 63 is fixed to pinion housing 26, inner clutch piece 80 may only 
rotate with respect to outer clutch piece 62 in one direction. 

[053] Because integrated clutch shell 63 integrally includes outer clutch piece 
62, the starter motor assembly is simplified by having one part instead of two parts. In 
addition, the integrated clutch shell is advantageous because it has improved strength, 
permits a smaller diameter piece and, thus, a smaller diameter pinion housing, and 
improves the concentricity of the electrical motor to the clutch assembly. 

[054] As shown in Figs. 1 and 13, inner clutch piece 80 includes a generally 
smooth outer circumference 82 and an inner circumference 84 that is configured with a 
plurality of axially extending gear teeth 86. Smooth outer circumference 82 is 
configured to rotate with respect to an inner circumference 66 of outer clutch piece 62. 
Inner gear teeth 86 are configured to engage with gear teeth 46 of each planetary gear 
45 around the outer circle O.C. defined by the planetary gears 45, as shown in Fig. 13. 

[055] As stated above, the clutch assembly includes rotation control means to 
prevent the rotation of the inner clutch piece in a first direction and to allow the rotation 
of the inner clutch piece in a second direction. The rotation control means will not be 
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discussed here in detail; instead, one type of rotation control means is described in 
detail in the Bori et al. patent. 

[056] A solenoid assembly is provided for selectively energizing the electrical 
motor. As shown in Figs. 5-12 and 14, a solenoid assembly 100 includes a battery "B" 
contact 102 and a solenoid "S" contact 103 (see Figs. 1 and 2) fixed to pinion housing 
26. As shown in Fig. 14, upon the closing of the ignition switch 200, an electrical 
connection (not shown) is made between battery 180 and the windings (not shown) of 
electrical motor 30 to energize the electrical motor 30. In the embodiment illustrated, 
energization of solenoid assembly 100 upon closing of the ignition switch causes the 
solenoid assembly 100 to operate to move pinion shaft 52 and, thus, pinion 58 in the 
axial direction A r A 2 , such that pinion 58 engages ring gear 10 of the flywheel of the 
engine to be started, as discussed below. 

[057] Energization of the solenoid assembly 1 00 utilizes coils comprised of a 
pull-in coil 122 and a hold-in coil 124, as shown in Figs. 5-12 and 14. In one 
embodiment, pull-in coil 122 of solenoid assembly 100 is comprised of multiple coils that 
are arranged in parallel. Reference is made to U.S. Patent Application Serial No. 
09/804,183, filed March 13, 2001, entitled "Multiple Coil Pull-in Coil for a Solenoid 
Assembly for a Starter Motor Assembly" and assigned to Delco Remy America, Inc., 
which is incorporated herein by reference. 

[058] A plunger 1 13 is shifted axially when pull-in coil 122 and hold-in coil 124 
are energized (to the left as shown in Figs. 6-10). Plunger 113 operates a moveable 
electrical contact 142 (also known as a plunger contact). Moveable contact 142 may be 
moved to contact a pair of fixed electrical contacts 144a, 144b to electrically connect 
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contact 142 with contacts 144a, 144b. In particular, when coils 122, 124 are energized, 
plunger 1 13 is shifted in a direction to cause moveable contact 142 to engage fixed 
contacts 144a, 144b. This movement of plunger 113 also causes pinion shaft 52 and, 
thus, pinion 58 to be shifted in that direction, thereby engaging pinion 58 with the engine 
flywheel. As shown in Fig. 14, when pinion 58 is engaged with the engine flywheel and 
moveable contact 142 is electrically connected with fixed contacts 144a, 144b, pull-in 
coil 122 is bypassed or short circuited and full electrical current is applied to starter 
motor 30. 

[059] Once coils 122, 124 bias plunger 1 13 in the axial direction for pinion- 
flywheel engagement, and after pull-in coil 122 is short circuited, hold-in coil 124 
maintains plunger 113 in that position to maintain pinion 58 in engagement with the 
engine flywheel and also to maintain contact 142 in an electrical connection with 
contacts 144a, 144b. Hold-in coil 124 generally provides sufficient force to keep 
plunger 1 13 in such a position, against the force of return spring 53 biasing in the axial 
direction away from pinion-flywheel engagement. 

[060] When termination of engine cranking is desired, the ignition switch 200 
(see Fig. 14) is opened, thereby deenergizing hold-in coil 124, which results in return 
spring 53 moving plunger 113 and pinion 58 in the axial direction away from pinion- 
flywheel engagement (to the right as shown in Figs. 11 and 12). Thus, return spring 53 
causes moveable contact 142 to separate from fixed contacts 144a, 144b and causes 
pinion 58 to be pulled out of engagement with ring gear 1 0 of the engine flywheel. As 
discussed below, return spring 53 moves pinion shaft 52 and pinion 58 without directly 
contacting and/or rotating with pinion shaft 52 and/or pinion 58. 
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[061] Plunger 113 of the solenoid assembly 100 is generally made of a material 
that may be magnetized upon energization of the solenoid coils. When produced, this 
magnetic field causes plunger 1 13 to be biased in the axial direction. Typically, plunger 
1 1 3 is made of a low carbon steel. While solenoid plunger 1 1 3 is typically comprised of 
a low carbon steel, such a material generally does not comprise a high wear surface. 

[062] As shown in Figs. 5-12, while pinion spring 53 of the present invention is 
positioned within solenoid plunger 1 13, it does not contact nor push directly against 
plunger 113, pinion 58, or pinion shaft 52. A harder surface contact member 55 is 
placed within plunger 1 13 to contact spring 53. In one embodiment, contact member 55 
is penannular in shape, such as a C-ring, as illustrated in Figs. 1, 3, and 4. In another 
embodiment, contact member 55 is annular in shape, such as a washer. Contact 
member 55 may comprise any type of harder surface, including non-magnetic metals 
such as case hardened steel, stainless steel, or brass. 

[063] As shown in Figs. 3-12, in one embodiment, plunger 1 13 is a shaft with a 
bore defined in it. Plunger 113 generally has at least two different cross-sectional areas 
1 13a and 1 13b. This difference in the two cross-sectional areas 1 13a, 1 13b results in 
an internal contact surface 116 (see Fig. 3) within the bore of plunger 113, which is 
formed at the juncture of the two cross-sectional areas 1 13a and 1 13b. 

[064] Contact surface 1 16 is not limited, however, to comprising a stepped 
surface between the juncture between two different cross-sectional areas 1 1 3a and 
1 1 3b of plunger 1 1 3. Generally, contact surface 1 1 6 may comprise any surface 
connected with the inner circumferential surface of plunger 113 that allows contact 
member 55 to rest against and contact such contact surface 116. For example, in 
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another embodiment (not shown), the plunger may have a single cross-sectional area 
and include a flange that projects inward from an inner wall of the single cross-sectional 
area. The flange comprises a contact surface for the contact member to rest against 
and contact. In the alternative, the plunger may include a plurality of flanges projecting 
inward from the inner wall to comprise the contact surface. In another alternative, the 
plunger may include a pin or a plurality of pins that project inward from the inner wall of 
the single cross-sectional area to comprise a contact surface. 

[065] Again, the contact member 55 rests against and contacts this contact 
surface 1 16 of plunger 113. In addition, upon assembly, contact member 55 is 
positioned within groove 57 of pinion shaft 52 (see Fig. 3). 

[066] A plunger stop assembly is positioned near the end of the pinion shaft 
around the pinion shaft, as shown in Figs. 4-12. Plunger stop assembly includes a 
plunger stop 170 that defines a hole 172 therein through which pinion shaft 52 is 
positioned. Plunger stop 170 also includes a groove 174 formed in the surface of 
plunger stop 170 opposite from the surface facing the engine flywheel. One end of 
pinion spring 53 is generally positioned within this groove 174. Accordingly, this end of 
pinion spring 53 continually pushes against plunger stop 170 at groove 174. Plunger 
stop 170 presses against pinion housing 26 due to return spring 53. 

[067] Accordingly, referring to Figs. 1-4, the starter motor assembly is 
assembled in the following manner. Preferably, inner ring piece 80 is inserted into 
integrated clutch shell 63. Then, distal end 48 of drive shaft 47 of planetary gear 
assembly 40 is inserted through opening 67 defined by integrated clutch shell 63. 
Distal end 48 of drive shaft 47 of planetary gear assembly 40 is then inserted into the 
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bore formed by pinion shaft 52, such that external splines 49 on drive shaft 47 engage 
with internal splines 54 of pinion shaft 52. Splines 49, 54 engage and lock up so that 
drive shaft 47 and pinion shaft 52 rotate together. As shown in Fig. 3, contact member 
55 is positioned within groove 57 around the external surface of pinion shaft 52. 
Plunger 1 13 is positioned around pinion shaft 52 and around contact member 55 so that 
contact member 55 may contact internal contact surface 116 (see Fig. 3) of plunger 
1 13. Return spring 53 is positioned so that is surrounds pinion shaft 52 but does not 
directly contact pinion shaft 52. 

[068] In addition, a first end of return spring 53 is positioned against contact 
member 55 within plunger 113. As shown in Figs. 5-12, return spring 53 is positioned at 
least in part within plunger 113. Plunger stop 170 is then positioned around pinion shaft 
52. The first end of return spring 53 pushes against contact member 55 within plunger 
1 13, while the opposite second end of return spring 53 pushes against plunger stop 170 
at groove 174 which, in turn, is pushed against pinion housing 26. In this manner, 
return spring 53 is prevented from contacting pinion shaft 52 because return spring 53 
has a larger diameter than the outer circumference of pinion shaft 52 and because both 
ends of return spring 53 are maintained in a position so as to maintain the concentricity 
of spring 53 around pinion shaft 52. In other words, because one end of spring 53 is 
maintained with groove 174 of plunger stop 170 and the other end of spring 53 is 
maintained against member 55 within plunger 113, the body of spring 53 between its 
ends will not move in a radial direction toward pinion shaft 52 to contact pinion shaft 52. 
Return spring 53 is also kept separate from pinion 58 by plunger stop 170 and pinion 
housing 26. 
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Operation of the Present Invention 

[069] Operation of the invention will now be described, referring to Figs. 5-12. 
Figs. 5-12 illustrate the sequence of the starter motor assembly being started to crank 
an engine and then being turned off once the engine is cranked, as well as the 
sequence of motion as the mechanism engages and then disengages pinion 58 from 
ring gear 10 of the engine flywheel. 

[070] Fig. 5 illustrates starter motor assembly 20 just before the ignition switch is 
closed and, thus, just before the solenoid assembly is energized. As shown, contact 
member 55 is contacting contact surface 1 16 of plunger 113. 

[071] Fig. 6 illustrates the starter motor assembly 20 just after the ignition switch 
is closed. In particular, as shown in Fig. 14, when the ignition switch 200 is turned to 
the "on" position, battery terminal 102 (see Figs. 5-12) transmits a low electric current 
from a starter battery 180 to energize solenoid assembly 100 and, in particular, to 
energize the solenoid coils (pull-in coil 122 and hold-in coil 124). The energization of 
the coils in turn magnetizes plunger 113, causing plunger 1 13 to be moved in the axial 
direction. 

[072] As shown in Fig. 6, the movement of plunger 1 13 in turn moves contact 
member 55 in that same axial direction because contact member 55 is contacting 
contact surface 1 16 of plunger 113. In addition, as stated above, contact member 55 
rides within groove 57 around the external surface of pinion shaft 52. Thus, as plunger 
1 13 is moved in the axial direction, contact member 55 "picks up" pinion shaft 52 at 
protrusion 57a of groove 57, thereby causing pinion shaft 52 and pinion 58 to be moved 
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in that same axial direction (to the left in Fig. 6). At the same time, plunger 113 also 
moves moveable contact 142 towards fixed contacts 144a, 144b. 

[073] Plunger 113 continues to move in that same axial direction, thereby also 
moving pinion shaft 52 and pinion 58 to move in that direction, so that pinion 58 abuts 
ring gear 10 of the engine flywheel, as shown in Fig. 7. 

[074] Plunger 113 further continues to move in that same axial direction, again 
moving pinion shaft 52 and pinion 58 and moving moveable contact 142 until moveable 
contact 142 electrically connects with fixed contacts 144a, 144b, as shown in Fig. 8. As 
discussed above, as shown in Fig. 14, the electrical connection between moveable 
contact 142 and fixed contacts 144a, 144b causes pull-in coil 122 to be short-circuited. 
This electrical connection also causes an electrical current (full power) to be applied to 
electrical motor 30. The starting of electrical motor 30 in turn causes rotation of 
electrical motor armature shaft 32. In addition, as shown in Fig. 8, plunger 113 has 
moved a sufficient distance in that axial direction to allow pinion 58 to be moved into 
engagement with ring gear 10 of the engine flywheel. 

[075] Even after moveable contact 142 closes with fixed contacts 144a, 144b, 
plunger 1 13 continues to move in that same axial direction until plunger 1 1 3 seats 
against plunger stop 170, as shown in Fig. 9. Again, at this time, pinion 58 is in 
engagement with ring gear 10 of the engine flywheel. 

[076] Then, even after plunger 1 13 is seated against plunger stop 170, pinion 
shaft 52 continues to move in that same axial direction relative to planetary gear drive 
shaft 47, until a mating axial spline stop 54a of internal splines 54 of pinion shaft 52 hit 
an axial spline stop 49a of external splines 49 of planetary gear drive shaft 47, as 
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shown in Fig. 10. At this time, the rotation of electrical motor armature shaft 32 is 
transmitted to planetary gear drive shaft 47, which in turn is transmitted to pinion shaft 
52, thereby rotating pinion 58. Because pinion 58 is rotating and is in engagement with 
ring gear 10 of the engine flywheel, the engine is cranked. 

[077] Once the engine starts, the operator typically opens the ignition switch, 
which deenergizes the solenoid assembly 100 (see Fig. 14). Generally, at some point 
after deenergization of the solenoid assembly 100, the force of spring 53 overcomes the 
magnetic force of solenoid hold-in coil 124, as well as any axial thrust force pulling 
pinion 58 into engagement with ring gear 10, such that spring 53 moves plunger 113 
through contact member 55. The contact member 55 in turn moves pinion shaft 52, 
thereby moving pinion 58 in the axial direction away from engagement with ring gear 10 
of the engine flywheel (to the right as shown in Figs. 1 1 and 12). Again, the moving of 
pinion shaft 52 and pinion 58 is accomplished without pinion spring 53 contacting pinion 
shaft 52 and/or pinion 58. Also, movement of plunger 113 causes moveable contact 
142 and fixed contacts 144a, 144b to separate, thereby cutting off electrical current to 
motor 30. 

[078] Fig. 1 1 illustrates that point in time just after the solenoid assembly is 
turned off. At this time, spring 53 begins to move plunger 1 13 in the axial direction 
away from pinion-flywheel engagement. As stated above, this movement of plunger 
1 13 in turn begins to move moveable contact 142 away from electrical connection with 
fixed contacts 144a, 144b, although contact 142 and contacts 144a, 144b are shown 
connected in Fig. 1 1 . At this point, plunger 1 1 3 has moved away from its seated 
position, i.e., plunger 113 has moved in the axial direction away from contact with 
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plunger stop 170, although plunger 113 has not yet begun to move pinion shaft 52 and 
pinion 58 away from pinion-flywheel engagement. 

[079] Fig. 1 1 also illustrates a situation when the engine fails to start. However, 
if the engine did start, the only difference would be that the overrunning torque (acting 
through helical splines 49, 54) would assist the disengagement of pinion 58. In this 
case, plunger 113 and pinion shaft 52 would move together in Fig. 1 1 , rather than 
plunger 1 13 first and then pinion shaft 52. 

[080] As shown in Fig. 12, plunger 1 13 continues to move in the axial direction 
away from pinion-flywheel engagement so that moveable contact 142 is no longer 
electrically connected with fixed contacts 144a, 144b. At this point, electrical current is 
no longer applied to motor 30. As also shown in Fig. 12, spring 53 pushes against 
contact member 55, which in turn pushes against contact surface 1 16 of plunger 113. 
Here, because contact member 55 rides within groove 57 around the external surface of 
pinion shaft 52, contact member 55 picks up pinion shaft 52 at protrusion 57b (see Fig. 
3) of groove 57, thereby beginning to move pinion shaft 52 and pinion 58 in the axial 
direction away from engagement with the engine flywheel (to the right as shown in Fig. 
12). 

[081] In the foregoing manner then, while pinion spring 53 surrounds pinion 
shaft 52, pinion spring 53 does not contact pinion shaft 52 or pinion 58 as pinion shaft 
52 and pinion 58 are moved out of engagement with the engine flywheel. Instead, 
contact member 55 positioned within plunger 1 13 is utilized to pick up pinion shaft 52 to 
move pinion shaft 52, which in turn moves pinion 58 into and out of engagement with 
ring gear 10 of the engine flywheel. 
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[082] In addition, as shown in Figs. 1 1 and 12, to prevent run-on of electrical 
motor 30 in the situation when the engine fails to start, plunger 1 13 is capable of moving 
independent of pinion shaft 52. Thus, plunger 113 may move to break the electrical 
connection between moveable contact 142 and fixed contacts 144a, 14b, while pinion 
58 is still in engagement with ring gear 10 of the engine flywheel. 

[083] Once the electrical connection between moveable contact 142 and fixed 
contracts 144a, 144b is broken, electrical current no longer runs to motor 30. This 
causes the rotation of armature shaft 32 to decrease, thereby decreasing the amount of 
the axial thrust force that is pulling pinion 58 into engagement with ring gear 10 when 
motor 30 is running. At some point in time, the axial thrust force is decreased 
sufficiently such that return spring 53 begins to move pinion shaft 52, through contact 
member 55, to disengage pinion 58 from ring gear 10. 

Optimization of the Components of the Present Invention 

[084] The method of optimizing the design of a coaxial starter motor assembly 
will now be described. Fig. 5, which is a cross-sectional view of starter motor assembly 
20 at rest, illustrates certain maximum distances between components that are capable 
of being calculated to optimize the design of coaxial starter motor assembly 20. These 
maximum distances include the following: 

[085] A = maximum distance that plunger 113 may move independent of pinion 
shaft 52 relative to pinion shaft 52. This is also the distance 
between protrusion 57a and protrusion 57b of groove 57 minus the 
width of contact member 55; 
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[086] B = maximum distance between moveable contact 142 and fixed contacts 
144a, 144b; 

[087] C = maximum distance that plunger 113 may travel; and 

[088] D = maximum distance that pinion shaft 52 may travel. 

[089] As shown in Figs. 10-12, the maximum distance that pinion shaft 52 may 
travel is limited by an axial spline stop feature that includes the axial spline stop 49a on 
planetary drive shaft 47 that contacts the mating axial spline stop 54a on pinion shaft 52 
to limit travel of pinion shaft 52. 

[090] As discussed above, after the ignition switch 200 (see Fig. 14) is turned 
on, solenoid assembly 100 (see Fig. 14) is energized and, thus, plunger 113 begins to 
move in the axial direction. The distance A shown in Fig. 5 is the distance that plunger 
1 13 will move independently of pinion shaft 52 before contact member 55 picks up 
pinion shaft 52. Thus, as shown in Fig. 6, after solenoid assembly 100 (Fig. 14) is 
energized, plunger 1 1 3 has moved the distance A (see Fig. 5). At that point, plunger 
113 has moved enough so that contact member 55, which is resting against contact 
surface 1 16 of plunger 113, has moved from contacting protrusion 57b of groove 57 
(see Fig. 5) to contacting protrusion 57a of groove 57 (see Fig. 6). 

[091] As shown in Figs. 6-9, after contact member 55 picks up pinion shaft 52, 
plunger 113 and pinion shaft 52 move together. 

[092] Fig. 8 illustrates that point when moveable contact 142 and fixed contacts 
144a, 144b close. As noted above, the maximum distance between moveable contact 
142 and fixed contacts 144a, 144b is B (see Fig. 5). Thus, at the point shown in Fig. 8, 
plunger 1 13 has moved the distance B. Fig. 8 also illustrates a gap G between plunger 
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1 13 and plunger stop 170. As shown in Fig. 9, even after moveable contact 142 and 
fixed contacts 144a, 144b close, plunger 1 1 3 continues to move until plunger 1 1 3 seats 
against plunger stop 170 to close the gap G. This movement compresses a contact 
overtravel spring 146 by the gap distance G, which is shown in Fig. 9 as an overtravel 
distance G. Once plunger 113 has moved the overtravel distance G shown in Fig. 9, 
plunger 1 13 has moved its maximum distance C. Accordingly, after plunger 1 13 has 
compressed overtravel spring 146, plunger 1 13 has moved the distance B plus the 
distance G, and plunger 1 13 has also moved its maximum distance C. Thus, B + G = 
C. Rearranging this equation, G = C - B. Thus, the overtravel distance G is equal to the 
maximum distance that plunger 113 travels minus the maximum distance between 
moveable contact 142 and fixed contacts 144a, 144b. The overtravel distance G must 
be greater than or equal to a minimum contact wear allowance G min to maintain 
continuity even after moveable contact 142 or fixed contacts 144a, 144b have 
electrically eroded. In other words, G must be greater than a G min ,that is, G > G min . 

[093] Up to Fig. 9, when plunger 113 seats against plunger stop 170, the total 
movement of pinion shaft 52 is a certain distance, which is shown as distance E. Again, 
at first, plunger 113 moves the distance A (see Fig. 5), the distance equal to contact 
member 55 moving from contacting one protrusion 57b of groove 57 (Fig. 5) to 
contacting the other protrusion 57a of groove 57 (Fig. 6). Also, the distance A is equal 
to the maximum distance plunger 113 moves independent of pinion shaft 52 relative to 
pinion shaft 52. As discussed above, Fig. 9 also shows when plunger 113 has moved 
its maximum distance C. Thus, the distance E that pinion shaft 52 has traveled (up to 
Fig. 9) may be calculated by the equation E = C - A. In other words, the distance E is 
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equal to the maximum distance C that plunger 1 13 has traveled minus the maximum 
distance A that plunger 113 moved independent of pinion shaft 52 relative to pinion 
shaft 52 (before contact member 55 picked up pinion shaft 52). At this point, there is a 
small amount of travel remaining for pinion shaft 52, even though plunger 1 13 is seated 
against plunger stop 170. 

[094] Fig. 9 also illustrates a gap H between mating axial spline stop 54a of 
pinion shaft 52 and axial spline stop 49a of planetary gear shaft 47. This gap H is equal 
to the distance that pinion shaft 52 may still travel after plunger 1 13 is seated against 
plunger stop 170. As noted above, the distance D is the maximum distance that pinion 
shaft 52 may travel. Up to Fig. 9, pinion shaft 52 has moved the distance E. Because 
the distance H is the additional distance pinion shaft 52 may move after plunger 113 
seats against plunger stop 170, the distance E plus the distance H equals the maximum 
distance D that pinion shaft 52 may travel. Thus, E + H = D. Rearranging this equation, 
H = D-E. 

[095] Fig. 9 also illustrates the axial thrust force N a . More particularly, Fig. 9 
illustrates that the forces acting normal to the teeth of splines 49, 54 have an axial 
component N a that continues to push pinion shaft 52 forward (in the direction toward 
pinion-ring gear engagement), trying to reduce gap H (see Fig. 10) to zero. When this 
happens, gap H will separate contact member 55 and pinion shaft 52 during cranking of 
the engine. Gap H should be as small as possible, but greater than zero, to reduce 
wear at the interface of contact member 55 and pinion shaft 52, as well as to reduce 
friction drag losses at this interface. In other words, H must be greater than a H m i n , that 

is, H > Hmin- 
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[096] Again, as shown in Fig. 10, after mating axial spline stop 54a of pinion 
shaft 52 hits axial spline stop 49a on planetary gear drive shaft 47, rotation of armature 
shaft 32 is transmitted to drive shaft 57 which in turn transmits rotation to pinion shaft 52 
and, thus, pinion 58. Because pinion 58 is rotating and is in engagement with ring gear 
10 of the engine flywheel, the engine is cranked. 

[097] Then, Figs. 10-12 illustrate the movement of plunger 113 necessary to 
open moveable contact 142 and fixed contacts 144a, 144b, at the same time pinion 
shaft 52 is still held out in its maximum travel position for pinion-ring gear engagement 
(i.e., mating axial spline stop 54a of pinion shaft 52 still hitting axial spline stop 49a on 
planetary gear drive shaft 47). To prevent run-on of motor 30 in those situations when 
the engine fails to start, plunger 113 may move independent of pinion shaft 52 to open 
moveable contact 142 and fixed contacts 144a, 144b. The available plunger movement 
to open moveable contact 142 and fixed contacts 144a, 144b is shown as J in Fig. 10. 
This distance J must be greater than the overtravel distance G (the distance plunger 
1 13 has moved by compressing contact overtravel spring 146), also shown in Fig. 10. 
When this is true, moveable contact 142 and fixed contacts 144a, 144b will open by a 
certain distance, shown as K in Fig. 12. This distance K is equal to the available 
plunger movement to open moveable contact 142 and fixed contacts 144a, 144b, which 
is J, minus the overtravel distance G. In other words, K = J - G. This value K must be 
greater than zero to prevent run-on of electrical motor 30 if the engine fails to start. 

[098] Again, the distance A is the maximum distance that plunger 1 13 may 
move independent of pinion shaft 52 relative to pinion shaft 52. In Fig. 5, when contact 
member is contacting protrusion 57b of groove 57, the distance A is equal to the 
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distance between contact member 55 and protrusion 57a of groove 57. It should be 
understood that after contact member 55 moves to the left and no longer contacts 
protrusion 57b of groove 57, the distance A is equal to the distance between protrusion 
57a and the left (as shown in these Figs.) side 55a of the contact member 55 plus the 
distance between the right (as shown in these Figs.) side 55b of the contact member 55 
and protrusion 57b. The distance J is equal to the distance that plunger 113 may move 
in the direction away from pinion-flywheel engagement (to the right in Figs. 10-12) to 
open moveable contact 142 and fixed contacts 144a, 144b, without disengaging pinion 
58 from ring gear 10 of the engine flywheel. Once plunger 113 and, thus, contact 
member 55 move the distance J, contact member 55 will pick up pinion shaft 52 in order 
to disengage pinion 58 from ring gear 10 of the engine flywheel. 

[099] The distance J (Fig. 10) is equal to the distance between the right side 
55b of the contact member 55 and protrusion 57b. The gap distance H is equal to the 
distance between protrusion 57a and the left side 55a of contact member 55. 
Accordingly, J + H = A. Rearranging this equation, J = A - H. 

[0100] In addition to the above relationships, the maximum distances A, B, C, 
and D must be chosen such that, for all possible tolerance stack-ups: 

[0101] G >= G min : the overtravel distance G must be greater than a minimum 

overtravel distance G min to allow for wear of moveable contact 142 
and fixed contacts 144a, 144b; 
[0102] H >= H min : the gap H must be greater than a minimum gap distance for 
running clearance to avoid drag on pinion shaft 52 while cranking 
the engine; and 
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[0103] K >= Kmir>: the distance K to open moveable contact 142 and fixed 

contacts 144a, 144b must be greater than a minimum distance to break clearance of 

contacts 142 and 144a, 144b in case the engine fails to start. 

[0104] Reviewing the relationships between the distances discussed above, the 

following equations exist: 

(1) K = J-G; 

(2) J=A-H; 

(3) H = D-E; 

(4) E = C-A; and 

(5) G = C - B. 

[0105] Substituting in the above equations, the following equations result: 

(1 ) K = J - G, substituting J = A - H and G = C - B: 
K = (A - H) - (C - B), substituting H = D - E: 

K = (A - (D - E)) - (C - B), substituting E = C - A: 
K = (A - (D - (C - A))) - (C - B), which becomes: 
K = (A - (D - C +A)) - C + B, which is the same as: 
K = (A - D + C -A) - C + B, which reduces to: 
K = B - D 

(2) H = D - E, substituting E = C - A: 

H = D - (C - A), which is the same as: 
H = D - C+ A 

[0106] Generally, distance D, the maximum distance pinion shaft 52 may travel, 
is known before design variables A, B, and C are determined. In addition, contact wear 
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allowance G min is generally known from experience, and minimum clearances K min and 
H min are generally known from tolerance stack-ups. To minimize the size of the solenoid 
assembly, G equals to G min , K equals to Kmin, and H equals to H min . 

[01 07] Then, three equations with three unknown distances exist. Specifically, 
the three unknown distances are A, B, and C, while the three equations are: 

(1 ) Kmin = B - D, which rearranges to B = K min + D; 

(2) G min = C - B, which rearranges to C = G min + B; and 

(3) H min = D - C + A, which rearranges to A = H m i n - D + C. 
[0108] By solving these equations for A, B, and C, the optimum design for the 

present invention may be obtained to prevent run-on of motor 30 when the engine fails 
to start. 
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Example 

[01 09] The following is an example of designing a starter motor assembly to 
minimize the distance that the solenoid plunger 113 travels ("the plunger stroke") using 
the equations and distances discussed above. In this example, the following distances 
are first determined from experience or known tolerances: 

[01 10] (1) D = 19 millimeters (mm); 

(2) Gmin = 2 mm; 

(3) Hmin = 1 mm; and 

(4) Kmin = 1 mm. 

i 

[01 1 1] Using equation number 1 above, the distance B may be calculated. In 
particular, with K min = 1 mm, D = 19 mm, and B = K m in + D, the distance B is 1 mm + 19 
mm = 20 mm. 
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[01 12] Then, substituting B = 20 mm into equation number 3 above, the distance 
C may be calculated. In particular, with G mln = 2 mm, B = 20 mm, and C = G m i n + B, the 
distance C is 2 mm + 20 mm = 22 mm. 

[01 13] Then, substituting D = 19 mm and C = 22 mm into equation number 2 
above, the distance A may be calculated. In particular, with H min = 1 mm, D = 19 mm, C 
= 22 mm, and A = H min - D + C, the distance A = 1 mm - 1 9 mm + 22 mm = 4 mm. 

[01 14] Thus, using the known distances D, G mjn , H min , and K minj as well as the 
three equations set forth above, the unknown distances A, B, and C are calculated to be 
4 mm, 20 mm, and 22 mm, respectively. Utilizing this method, all listed design 
1 0 requirements are met, with minimum plunger stroke and, therefore, the minimum 
solenoid size. 

[01 15] Additional advantages and modifications will readily occur to those of 
ordinary skill in the art. The invention therefore is not limited to the specific details and 
embodiments shown and described above. Departures may be made from such details 
1 5 without departing from the spirit or scope of the invention. The scope of the invention is 
established by the claims and their legal equivalents. 

[01 16] Other embodiments of the invention will be apparent to those skilled in the 
art from consideration of the specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be considered as exemplary only, with 
20 a true scope and spirit of the invention being indicated by the following claims. 
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